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(54) METHOD FOR PRODUCING HARD POLYURETHANE FOAM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a hard polyurethane foam excellent in brittleness, compression 
strength and heat conductivity even by using only water as a foaming agent without using a low boiling 
point organic solvent accompanying a risk of breaking a fire. 

SOLUTION: This method for producing the hard polyurethane foam by the reaction of an organic 
polyisocyanate with the polyol component by using water as the foaming agent in the presence of a 
catalyst is provided by using the polyol component containing 5-40 wt.% polyesterpolyol having at least >3 
number of functional groups having active hydrogen per 1 molecule based on the whole polyol component 
and also having 100-600 mgKOH/g mean hydroxy group value of the whole polyol component. 
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[Claim(s)] 

[Claim 1] The manufacture approach of the rigid polyurethane foam characterized by including the 
polyester polyol whose number of functional groups which has active hydrogen per molecule is at least 
three or more pieces as said polyol component five to 40% of the weight in [ all ] a polyol component in the 
approach of making water they reacting under existence of a catalyst using the organic poly isocyanate 
and a polyol component as a foaming agent, and manufacturing rigid polyurethane foam, and the average 
hydroxyl value of all polyol components using the thing of 100 - 600 mgKOH/g, 

[Claim 2] The manufacture approach of rigid polyurethane foam according to claim 1 that the average 
hydroxyl value of all polyol components is 400 - 500 mgKOH/g. 

[Claim 3] The manufacture approach of rigid polyurethane foam according to claim 1 or 2 that the hydroxyl 
value of said polyester polyol is 100 - 600 mgKOH/g [claim 4] The manufacture approach of the rigid 
polyurethane foam according to claim 1 to 3 characterized by being the polyfunctional poly caprolactone 
polyester polyol which is made to carry out the ring breakage addition polymerization of the lactone 
expressed with a general formula 1, and is obtained by making into an initiator the low-molecular-weight 
organic compound with which said polyester polyol has at least three or more active hydrogen radicals. 
<General formula 1> [Formula 1] 



(the inside of a formula, n R1, and n R2 are the same — or it differs and the alkyi group of H or carbon 
numbers 1-8 is expressed, and n is an integer and is 1<=n<=7.) 

[Claim 5] The manufacture approach of the rigid polyurethane foam according to claim 4 characterized by 
the lactone expressed with said general formula 1 being an epsilon-caprolactone. 

[Claim 6] The manufacture approach of the rigid polyurethane foam of claim 4 characterized by the low 
molecular weight compound which has said three or more active hydrogen radicals consisting of at least 
one sort chosen from a glycerol, trimethylol propane, triethanolamine. or pentaerythritol. 
[Claim 7] The manufacture approach of the rigid polyurethane foam according to claim 1 to 6 characterized 
by viscosity [ in / said polyester polyol is liquefied in ordinary temperature, and / 25 degrees C ] being 
2000 or less mPases. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is used as structural heat insulators, such as head lining, a floor, and 
a wall, and relates to the manufacture approach of rigid polyurethane foam without the need of using 
chlorofluocarbon and a low-boiling point organic solvent as a foaming agent. 
[0002] 

[Description of the Prior Art] Rigid polyurethane foam makes the organic poly isocyanate and a polyol 
component react under existence of a foaming agent, a foam stabilizer, a catalyst, etc., is manufactured, 
and holds the heat insulation property which was excellent by using chlorofluocarbon, such as truffe 
ROROMONO fluoro methane, especially as a foaming agent as indicated by JP.5-25243.A etc. However, 
the Montreal Protocol will go into effect in 1989, and the activity of the chlorofluorocarbon which will 
contain truffe ROROMONO fluoro methane by the end of the 20th century will be abolished. Therefore, 
although water is used for a foaming agent for a chlorofluocarbon cutback or the method of manufacturing 
rigid polyurethane foam using the organic solvent of a low-boiling point is proposed in recent years, when 
water is used as a foaming agent, thermal conductivity and dimensional stability get worse, good form is not 
obtained practically, and the organic solvent of a low-boiling point has many inflammable things, and has 
the danger of an outbreak of a fire. 

[0003] There is a problem that the viscosity of polyol mixture becomes high in order not to use the organic 
solvent of a chlorofluorocarbon and a low-boiling point with the duty as a solvent as a foaming agent in 
water foaming generally, usable polyol is also liquefied in ordinary temperature, and since it is rhoreover 
restricted to the thing of hypoviscosity, the propylene oxide addition product of trimethylol propane is 
limited to the polyoxyalkylene polyether polyols made into the example of representation. However, since 
the rigid polyurethane foam which consists of only such polyfunctional ether system polyols has a problem 
in thermal conductivity, dimensional stability, compressive strength, and brittleness, various additives are 
used together. For example, in said JP,5-25243,A, the brittleness of the rigid polyurethane foam of water 
foaming and compressive strength are improved by using the polyether polyol which carried out the graft of 
the polyvinyl filler of hydroxyl values 350-500. Moreover, in the JP.07-91452,B official report, it is indicated 
by making the alkylene oxide addition product of a specific dihydric phenol contain that a mechanical 
strength, brittleness. and thermal resistance are improved in rigid polyurethane foam. However, in order 
that the activity of polyol special as mentioned above may raise the viscosity of polyol mixture, control of 
foaming is difficult for it and it has a possibility of producing separation with the polyether polyol of further 
others. Moreover, in order to lower the viscosity of polyol mixture, adhesiveness-reducing agents, such as 
surface active agents, such as flame retarders. such as chlorinated paraffin, tris chloro ethyl phosphate, 
and tris chloropropyl phosphate, and the polyoxy nonylphenyl ether, and propylene carbonate, are used. 
However, an adhesiveness-reducing agent results in causing physical-properties lowering of the form 
obtained inevitably in order not to participate in the reaction of urethane. 
[0004] 

[Problem(s) to be Solved by the Invention] This invention is to offer the rigid polyurethane foam which has 
the physical properties which were excellent even if it was made against the background of the technical 
problem of said conventional technique and used water for the foaming agent. 
[0005] 

[Means for Solving the Problem] "Namely, this invention In the approach of making water they reacting 
under existence of a catalyst, using the organic poly isocyanate and a polyol component as a foaming 
agent, and manufacturing rigid polyurethane foam The polyester polyol whose number of functional groups 
which has active hydrogen per molecule is at least three or more pieces as said polyol component is 
included five to 40% of the weight in [ all ] a polyol component It is and the manufacture approach of the 



rigid polyurethane foam characterized by the average hydroxyl value of all polyol components using the 
thing of 100 - 600 mgKOH/g/' 

10006] In this invention, the number of functional groups which has active hydrogen per molecule is 
characterized by carrying out the constant-rate activity of the polyester polyol which is at least three or 
more pieces as a polyol component in the manufacture approach of the rigid polyurethane foam which uses 
water as a foaming agent. This water reacts with the poly isocyanate component, and generates carbon 
dioxide gas, by this gas, the polyurethane of a generation process foams and form is formed. The amount of 
this water used is 5 - 8 weight section preferably below 10 weight sections to the polyol component 100 
weight section. If the amount of the water used exceeds 10 weight sections, it contracts in ordinary 
temperature and practical use cannot be presented with the form obtained. Moreover, the consistency of 
the polyurethane foam which will be obtained if the amount of the water used is less than 5 weight 
sections becomes high too much, thermal conductivity becomes large, and it cannot offer as a heat 
insulator which are the main objects of rigid polyurethane foam. 

[0007] The polyester polyol used for this invention is obtained when the molecular weight which has at 
least three or more active hydrogen, such as a glycerol, trimethylol propane, triethanolamine, or 
pentaerythritol, carries out one sort of a glutaric acid, an adipic acid, a pimelic acid, a suberic acid, a 
sebacic acid, a terephthalic acid, isophthalic acid, dimer acid, hydrogenation dimer acid or other low- 
molecular dicarboxylic acid, or an oligomer acid, or two sorts or more of condensation polymerization to 
300 or less low-molecular-weight organic compound. The mole ratio in the condensation polymerization 
reaction of a low-molecular-weight organic compound, and said dicarboxylic acid and oligomer acid which 
have at least three or more active hydrogen is adjusted so that the hydroxyl value of the polyester polyol 
obtained may become 100 - 600 mgKOH/g. The temperature of 90-240 degrees C, preferably, the reaction 
in dehydration esterification is 100-220 degrees C, and is performed under reduced pressure using the 
catalyst usually used by dehydration esterification reactions, such as Para toluenesulfonic acid soda. At 
less than 90 degrees C, a reaction is remarkable, and reaction temperature is late, and is not economical. 
On the contrary, since the depolymerization reaction of the polyester polyol obtained above 240 degrees C 
arises, neither is desirable. Moreover, the polyester polyol obtained by adding cyclic-ester compounds, 
such as propiolactone, a caprolactone, or a valerolactone, to said low-molecular~weight organic compound 
which has at least three or more active hydrogen by ring opening polymerization can also be used. Since 
the thing of hypoviscosity is obtained in this invention, the polyester polyol which is the ring breakage 
addition polymerization object obtained from a lactone compound is desirable, and especially the thing that 
made trimethylol propane carry out ring breakage addition of the epsilon-caprolactone is desirable, as the 
catalyst used when carrying out the ring breakage addition polymerization of the above-mentioned cyclic- 
ester compound to the low-molecular-weight organic compound which has at least three or more active 
hydrogen — organotin compounds, such as organic titanium system compounds, such as tetraethyl 
titanate, tetrabuthyl titanate, and tetra-propyl titanate, the first tin of octylic acid, dibutyltin oxide, 
dibutyltin dilaurate, and a Monod n-butyl tin fatty-acid salt, a stannous chloride, and bromination — the 
first tin of halogenation, such as the first tin and the first tin of iodation, etc. is mentioned. The 0.1-10000 
ppm of the amount of the catalyst used are 1-5000 ppm preferably to a preparation raw material. In less 
than 0.1 ppm, the ring opening reaction of lactone is remarkable, and the amount of the catalyst used is 
late, and is not economical. Conversely, although ring breakage reaction time becomes early in 10000 ppm 
or more, since physical properties, such as the endurance of the polyurethane foam from which it was hard 
to carry out control of the reaction rate at the time of manufacturing polyurethane foam, and it was 
obtained, and a water resisting property, worsen, neither is desirable. 90-240 degrees C of reaction 
temperature are 100-220 degrees C preferably. At less than 90 degrees C, the ring opening reaction of 
lactone is remarkable, and reaction temperature is late, and is not economical. On the contrary, since the 
depolymerization reaction of lactone polyester polyol which carried out ring breakage addition 
polymerization above 240 degrees C arises, neither is desirable. Moreover, a result with sufficient 
compounding to the hue of the polyurethane foam obtained etc. in the ambient atmosphere of inert gas, 
such as nitrogen gas, is given during a reaction. As a commercial item of the polyester polyol which is the 
ring breakage addition polymerization object obtained from lactone, there are PCL303, PCL305, PCL308, 
etc. which are epsilon-caprolactone addition product of trimethylol propane [the Daicel Chemical 
Industries, Ltd. make]. 

[0008] The hydroxyl value of the polyester polyol whose number of functional groups used for this 
invention is at least three or more pieces is 100 - 600 mgKOH/g, and especially its 180 - 550 mgKOH/g is 
desirable. Since the molecular weight of polyol becomes small too much, the crosslinking density of the 
rigid urethane foam obtained will become superfluous and the brittleness of form will become large if the 
hydroxyl value of the polyester polyol whose number of functional groups is at least three or more pieces 
exceeds 600 mgKOH/g, it is not desirable. Moreover, since molecular weight will become large, the rigid 



polyurethane foam obtained will become soft and compressive strength will fall if a hydroxyl value is less 
than 100 mgKOH/g, it is not desirable. Furthermore, it becomes [ the crystallinity of polyester polyol may 
become high and ] wax-like in ordinary temperature and is not desirable. Moreover, as for the average 
hydroxyl value of all polyol components, it is indispensable that it is 100 - 600 mgKOH/g, and it is 400 - 
' 500 mgKOH/g preferably. If sufRcient compressive strength and a sufficient degree of hardness are not 
obtained but an average hydroxyl value exceeds 600 mgKOH/g. since the rigid polyurethane foam from 
which the average hydroxyl value of all polyol components is obtained by less than 100 mgKOH/g becomes 
soft too much, and the brittleness of form will become large, neither is desirable. Polyester polyol is 
preferably liquefied in ordinary temperature, and 5000 or less mPases of viscosity [ in / in the viscosity in 
25 degrees C / 25 degrees 0 ] are 2000 or less mPases preferably. If viscosity exceeds 5000mPas(es), 
viscosity will become high too much, it becomes difficult to perform mixing with isocyanates in an instant, 
and target rigid polyurethane foam is not obtained. 

[0009] As the polyester polyol used for this invention, and polyol used together If it is the polyol of the 
many organic functions currently generally used in rigid polyurethane foam, are good anything. As an 
initiator, for example, a glycerol, trimethylol propane, a sorbitol, Ethylenediamine. pentaerythritol, methyl 
glucoside. tolylenediamine, MANNIHHI, shoe closing, etc. are used. To this Ethyleneoxide. The aromatic 
polyester polyol which used as the base the polyether polyol which comes to add one sort, such as 
propylene oxide and butylene oxide, or two sorts or more. Playback PET, DMT process residue, phthalic 
anhydride, etc. is mentioned. What added ethylene oxide or propylene oxide to a glycerol, ethylenediamine, 
and trimethylol propane in these has especially low desirable viscosity. In addition, aromatic polyester 
polyol can also be used within limits which the viscosity and the average hydroxyl value of all polyol 
components are allowed as mentioned above. 

[0010] All the things used for manufacture of usual rigid polyurethane foam, such as aromatic series poly 
isocyanate generally used, alicycle group poly isocyanate, or aliphatic series poly isocyanate, as organic 
poly isocyanate used in this invention can use it. As an example of this poly isocyanate component 2, 4- 
tolylene diisocyanate, 2, and 6~tolylene diisocyanate and such mixture, - diphenylmethane diisocyanate, 
and 2 and 2 '2, 4^-diphenylmethane diisocyanate and such mixture, Diphenylmethane -4. 4'-di isocyanate, 3- 
methyl diphenylmethane -4. 4'-diisocyanate, and these constituents, Diphenyl dimethylmethane 
diisocyanate, dibenzyl diisocyanate, Naphthylene diisocyanate, phenylene diisocyanate, xylenediisocyanate. 
Aromatic series diisocyanate, such as tetramethyl xylylene diisocyanate. Tetramethylene di-isocyanate, 
hexamethylene di-isocyanate. Lysine diisocyanate, 2-methyl pentane -*1. 5-diisocyanate, Aliphatic series 
diisocyanate. such as 3-methyl pentane -1, 5-diisocyanate, 2 and 2, 4-trimethylhexamethylene -1, and 6- 
diisocyanate. There is alicycle group diisocyanate, such as isophorone diisocyanate. cyclohexyl 
diisocyanate. hydrogenation xylylene diisocyanate, hydro-diphenylmethane diisocyanate, and hydrogenation 
trimethyl xylylene diisocyanate. Such organic poly isocyanates are independent, or are used by two or more 
sorts of concomitant use systems. Furthermore, denaturation objects, such as these adduct denaturation 
objects, a carbodiimide denaturation object, an allophanate denaturation object, a buret denaturation 
object, an urethodione denaturation object, a URETO imine denaturation object, and an isocyanurate 
denaturation object can also be used. Hypoviscosity is liquefied in ordinary temperature, and its odor is 
low, and since such poly isocyanates are cheap, the mixture (KURUDO MDI) of 2 and 2 diphenylmethane 
diisocyanate, 2. 4'-diphenylmethane diisocyanate or the carbodiimide denaturation object (polymeric MDI) 
of diphenylmethane-4.4*-diisocyanate is desirable [ the isocyanates ]. moreover, the amount of the poly 
isocyanate component used — the equivalent ratio (NCO/OH index) of an isocyanate machine pair 
hydroxyl group — 1.0-1.5 — it is preferably used at a rate of 1.05-1.2. Less than by 1.0, if a reaction does 
not fully progress, and bridge formation by superfluous isocyanate is not acquired, but the equivalent ratio 
of an isocyanate machine pair hydroxyl group becomes inadequate [ the reinforcement of the form 
obtained ] and exceeds 1.5, sufficient chain extension will not be obtained but it will cause trouble to 
formation of form. Furthermore, since the form of sufficient reinforcement is no longer obtained, neither of 
the cases is desirable. 

[0011] Moreover, as a catalyst used for a polyurethane reaction, metal catalysts, such as tertiary amine, 
such as dimethylethanolamine, triethylenediamine, tetramethyl propanediamine, a tetramethyl 
hexamethylenediamine, and dimethyl cyclohexylamine, SUTANASUOKUTETO, an octylic acid potassium, 
and dibutyltin dilaurate, etc. are mentioned, for example, these catalysts — usually — the polyol 
component 100 weight section — receiving — 0.001 - 5 weight section extent — it is preferably used with 
0.01 - 2 weight section extent. Since a reaction becomes too much early and it becomes impossible to 
balance a rate of reaction and a form formation rate when the effectiveness as a catalyst is not acquired 
under in the 0.001 weight section but the amount of the catalyst used exceeds 2 weight sections, neither is 
desirable. 

[0012] On the occasion of manufacture of the rigid polyurethane foam of this invention, additives, such as 



a foam stabilizer, and a viscosity controlling agent, a flame retarded can be blended. Among this, as a foam 
stabilizer, a silicone system foam stabilizer is desirable, for example, the Toray Industries Dow Corning 
-make, SH-193, BY-1 0-540, the Nippon Unicar make. L-5420. L-5320. L-5340, SZ1605, the product made 
from Shin-etsu Silicone. F305. F341, etc. are mentioned, a foam stabilizer — usually — the polyol 
component 100 weight section — receiving — 0.1 - 5 weight section extent — it is preferably used with 
0.5-3 weight section extent If the effectiveness as a foam stabilizer is not acquired under in the 0.1 
weight section but the amount of the foam stabilizer used exceeds 3 weight sections, while the 
effectiveness as a foam stabilizer will be saturated, a superfluous foam stabilizer may ooze out from the 
obtained form, and neither is desirable. Furthermore, in the manufacture approach of this invention, at least 
one sort of well-known additives, such as an antioxidant, light stabilizer, a processing stabilizer, and an 
antioxidant can be blended if needed. As an anti-oxidant, they are hindered phenolic antioxidants, such- as 
1 ,6-hexanediol-screw [3-(3. 5-G tert-buty|-4-hydroxyphenyl) propionate], 3. and 5-G tert-butyl-4-3,5-di- 
t-buthyl-4-hydroxybenzylphosphonate diethylester, and dilauryl, for example. The Lynn system anti- 
oxidants, such as organic sulfur system anti-oxidants, such as 3 and 3'-dithio dipropionate. and trialkyi 
phenyl phosphate, etc. can be mentioned As light stabilizer, nickel salt system light stabilizer, such as 
hindered amine light stabilisers, such as screw (2. 2, 6, and 6-tetramethyl-4-piperidyl) sebacate. and nickel 
dibutyldithiocarbamate. etc. can be mentioned, for example. Moreover, specifically, each of UVA101, 
UVA103, and UVA105[UVA series can mention screw [3-(2H-benzotriazo|-2-IRU)-4-hydroxy-benzene 
ethanol] methane, the lactone addition product to that, and the polyol that has an ultraviolet absorption 
function like] by Daicel Chemical Industries, Ltd. As a processing stabilizer, the Lynn system processing 
stabilizers, such as tris (2. 4-G tert-buthylphenyl) phosphate, etc, can be mentioned, for example. As an 
antioxidant, 1 and 1 -screw (4-hydroxyphenyl) cyclohexene, N, and N'-dipheny|-p-phenylene diamine etc. 
can be mentioned, for example. 

[0013] Moreover, the additive used for this invention is added for the purpose of maintaining reaction ratio 
balance with lowering the viscosity of a polyol component and the poly isocyanate component. As a 
hypoviscosity additive with which are satisfied of these conditions, adhesiveness-reducing agents, such as 
surface active agents, such as flame retarders. such as chlorinated paraffin, tris chloro ethyl phosphate, 
and tris chloropropyl phosphate, and the nonyl phenol ether, and propylene carbonate, etc. are mentioned, 
in order that these additives may not reduce the physical properties of the form obtained — usually — the 
polyol component 100 weight section — receiving — 1-30 weight section extent — it is preferably used 
with 3-20 weight section extent. Since physical-properties lowering of the form with which the amount of 
the additive used will be obtained if the effectiveness as an adhesiveness-reducing agent is thin and 
exceeds 20 weight sections under in 1 weight section will be caused, neither is desirable. 
[0014] Although what kind of thing may be used as long as it is equipment which can mix said raw material 
to homogeneity as a concrete means to manufacture the rigid polyurethane foam of this invention from the 
above raw material, the rigid polyurethane foam of this invention can be easily obtained for a raw material 
continuation or by mixing discontinuously to homogeneity, for example using the small mixer for an 
experiment a foaming machine, etc. 
[0015] 

[Example] Hereafter, an example is given and this invention is explained still more concretely. In addition, 
among an example, the section and especially % express weight, unless it refuses, moreover, the physical 
properties of the inside of an example, a hydroxy I value, and polyurethane foam — hydroxyl valuerpolyol 1g 
— mg of the potassium hydroxide equivalent to an inner OH radical — number and compressive 
strength: JIS A9514 — therefore — measurement and thermal conductivity: JIS A9514 — therefore — 
measurement and dimensiona|-stability:ASTM It measures based on D2126. Moreover. E mold viscometer 
was used in the measurement of viscosity of polyol. Foam density measured the weight of the sample 
started on the one-side 10cm cube, and multiplied by it and found it by the cubical volume. Brittleness 
measures the weight of the test piece cut down to one-side 10cm cube, measured Shigekazu Ushiro who 
ground one side against the sandpaper of grain-size AA-120 lightly 10 times, and computed weight 
percentage reduction. 

[0016] Plaque eel 305[hydroxyl value:305 mgKOH/g which is epsilon-caprolactone addition product of 
trimethylol propane as 3 organic-functions polyester polyol, (Example 1) 1300mPas (25 degrees C) and] by 
Daicel Chemical Industries. Ltd. Viscosity : Ten weight sections, The Sun Knicks GP-600[hydroxyl value 
which is the propylene oxide addition product of a glycerol : 280 mgKOH/g, Viscosity : Sun Knicks AP-189 
[hydroxyl value:1000 mgKOH/g which is 65 weight sections and the propylene oxide addition product of 
triethanolamine about 270mPas (25 degrees C) and] by Sanyo Chemical Industries, Ltd., Viscosity: 25 
weight sections activity of 640mPas (25 degrees C) and] by Sanyo Chemical Industries. Ltd. was carried 
out, and polyol mixture was prepared. The results of having asked for the hydroxyl value of this polyol 
mixture by count were 465 mgKOH/g. and viscosity was 580mPas(es) at 25 degrees C, as a result of 



measuring with E mold viscometer. As opposed to this polyol mixture 100 weight section water as a 
r foaming agent Eight weight sections. A diazo bicycio octane (DABC033LV) as 2 weight sections and an 
amine catalyst for SG-193 by Toray Industries Dow Corning as a foam stabilizer 1.5-fold And after 

carrying out 0.1 weight stirring of the dibutyltin dilaurate (DBTDL) as a tin catalyst Crude 

. methylenebis diphenyl isocyanate (poor quality MDI and M-20S of RUPURANETO) NCO content: 
30.5g/100g, BASF 244 weight sections addition was carried out, for 10 seconds, the product made from 
INOAC Polyurethane is stirred violently, and carried out free foaming, and rigid polyurethane foam was 
obtained. In addition, R value =NCO/OH at this time (equivalent ratio) was 1.03. 

[0017] (Examples 2-5 and examples 1-3 of a comparison) Rigid urethane foam was created by the same 
approach as an example 1 except having used the raw material and presentation which are shown in a table 
1. The physical properties of the obtained form were also doubled and it indicated to a table 1. In addition, 
PCL303 and PCL308 are epsilon-caprolactone addition products to trimethylol propane, and Sun Knicks 
GP-300 are a propylene oxide addition product to the trimethylol propane by Sanyo Chemical Industries, 
Ltd. 
[0018] 

[A table 1] ^ 
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[0019] From the result of a table 1 To the rigid polyurethane foam obtained by the manufacture approach 
of this invention The compressive strength which can be set can be set to the rigid polyurethane foam of 
water foaming which used the polyether polyol which carried out the graft of the polyvinyl filler of the 



hydroxyl values 350-500 indicated by said JP,5-25243A It is clear to excel average 0.0198 
kcal/mhrdegree C of the average of 1.52kg/Gm2 of compressive strength. dimensional-stability-0,6 — 2.3 
.(100 degrees C, 24 hours) and -0.1 — 0.8 (-20 degrees C, 24 hours), and thermal conductivity. 
[0020] In addition, the descriptions, such as various polyol A-F in a table 1 and MDI. are as follows, 
A: PCL303:OH ** = 540, viscosity:! 700mPas (25 degrees C), and Daicel Chemical Industries, Ltd. 
B: PCL305:OH ** = 305, viscosity:! 350mPas (25 degrees C), and Daicel Chemical Industries, Ltd. 
C: PCL308:OH ** = 195. viscosity: 1450mPas (25 degrees C), and Daicel Chemical Industries, Ltd. 
D: Sun Knicks GP-600:OH ** = 280, viscosity:270mPas (25 degrees C), and Sanyo Chemical Industries, 
Ltd. 

E: Sun Knicks TE-300:OH ** = 560, viscosity:540mPas (25 degrees C), and Sanyo Chemical Industries, Ltd. 

F: Sun Knicks AP-189:OH ** = 1000, viscosity:640mPas (25 degrees C), and Sanyo Chemical Industries, 
Ltd. 

Poor quality MDI: RUPURANETO M-20S, NCO=30.5g/1 OOg, viscosity: 196mPas (25 degrees C). BASF 
INOAC Polyurethane 

amine catalyst — DABC033LV tin catalyst: — DBTDL (dibutyltin dilaurate) and Sankyo Air Products 

Foam stabilizer: SH-193 and Dow Corning, Inc., Toray Industries 

[0021] 

[Effect of the Invention] Without [ without it uses the chlorofluocarbon which destroys an ozone layer by 
using the polyester polyol whose number of functional groups which has active hydrogen is at least three 
or more pieces with a fixed content among / all / a polyol component like this invention as a foaming 
agent, and ] using the low-boiling point organic solvent accompanied by the danger of an outbreak of a fire, 
even if it uses only water with a foaming agent, the rigid polyurethane foam which was excellent in 
brittleness, compressive strength, and thermal conductivity can be obtained. 
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— lOOOOppm. |^$L/<W1~50 OOp pmr 

m!m<Dm.mmti o . i p p m*siT-»^ h >s 
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fct±r* ^ d< y x::^ 7^ Jl.j|< y ^ - jU©7j<K«ffi3!>s 6 0 0 
mgKOH/g*^x.-&i^y*wl.©^fi;!|S/Jx3 < 
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v'-H'yvT*- hm(D^mmi^-^yiy7^-\-. wy*; 
10 p>i;'-f ys^T^- h, '>i'P'v^^i^;i/i;^yi/'r4^- 
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OHffi=3 0 5, ttS: 1 3 50m 
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